1 T he translabyrinthine approach to the cerebellopontine angle is a versatile cranial base approach for the removal of both small and large acoustic neuromas. 14, 16, 22 This approach is generally preferred for removal of all acoustic tumors, resulting in nonserviceable hearing, and also for large tumors (> 3 cm) when the likelihood of hearing preservation is low.
T he translabyrinthine approach to the cerebellopontine angle is a versatile cranial base approach for the removal of both small and large acoustic neuromas. 14, 16, 22 This approach is generally preferred for removal of all acoustic tumors, resulting in nonserviceable hearing, and also for large tumors (> 3 cm) when the likelihood of hearing preservation is low. 4 By using the presigmoid corridor, this approach offers the advantage of virtually no cerebellar retraction as well as early identification of the facial nerve at the distal IAC. First described in 1904 by Panse, 21 the translabyrinthine approach was not fully developed and standardized until 1964 by House and Hitselberger. 13 Translabyrinthine resection of acoustic neuromas requires a presigmoid dural opening that extends over the IAC and results in a skull base dural defect, which has historically been difficult to reconstruct. 23 These surgeries are often complicated by postoperative CSF leaks and fistula formation, which increases the incidence of development of other complications such as wound infection and meningitis. 5, 27, 30 Postoperative CSF leak rates for all acoustic neuroma surgery have been reported to range between 0% and 30% in the literature, but the mean leak rate remains approximately 10%. 1, [8] [9] [10] 15, 17, 26, 27 The postoperative CSF leak rates after translabyrinthine removal of acoustic neuromas range from 0% to 13% as reported in the most recent literature. 3, 6, 7, 11, 18, 19, 29 Reconstruction of presigmoid dural defects after resection of acoustic neuromas via the translabyrinthine approach is paramount to prevent postoperative CSF leakage. However, primary dural reapproximation and achieving a watertight closure of the dural defect in this anatomical region are quite difficult. Standard closure techniques after the translabyrinthine approach often involve packing an abdominal fat graft that plugs the dural defect and mastoidectomy cavity. This technique, however, may pose the risk of direct compression of the fat graft on the facial nerve and brainstem. Nonetheless, even with the evolution in dural repair techniques, postoperative CSF leaks can still occur and provide a route for infection and meningitis. In this report, the authors describe a novel dural "sling" reconstruction technique using autologous fascia lata to repair presigmoid dural defects created after translabyrinthine resection of acoustic neuromas. The fascia lata is sewn to the edges of the presigmoid dural defect to create a sling to suspend the fat graft within the mastoidectomy defect. A titanium mesh plate embedded in porous polyethylene is secured over the mastoidectomy defect to apply pressure to the fat graft. In the authors' experience, this has been a successful technique for dural reconstruction after translabyrinthine removal of acoustic neuromas to prevent postoperative CSF leakage. There were no cases of CSF leakage in the first 8 patients treated using this technique. The operative details and preliminary results of this technique are presented. these presigmoid dural defects after translabyrinthine resection poses a significant challenge to the acoustic neuroma surgeon. A meticulous reconstruction and dural closure technique is required for the prevention of CSF leak formation.
Traditionally, the standard closure technique when using the translabyrinthine approach involves an abdominal fat graft that is packed through the dural defect and mastoidectomy cavity. 10, 31 In this technique, the fat graft is in direct contact with the facial nerve, brainstem, and cerebellum. When the fat is overpacked and under pressure, symptomatic compression of the brainstem, cerebellum, and facial nerve can occur. 15 Other complications of autologous fat grafting include fat necrosis, subarachnoid fat embolism, lipoid meningitis, wound discharge, and local fistula formation. [23] [24] [25] 28 Various other dural reconstruction techniques have been described, including covering the defect with a free temporalis muscle graft or a pedicled temporal fascial flap.
20 Some have also described occlusion of mastoid and temporal bone air cells using bone wax, bone paste, fat, muscle, and hydroxyapatite cement and titanium mesh.
1,2 However, even with the evolution of current dural repair techniques for reconstruction after translabyrinthine surgery, postoperative CSF leak rates are still reported to be as high as 9.5%. 27 In this report, we describe a novel dural "sling" reconstruction technique to repair presigmoid dural defects created after a translabyrinthine approach for removal of acoustic neuromas. An autologous fascial graft is sutured to the presigmoid dural defect to suspend the fat graft within the mastoidectomy defect. This technique prevents the fat from coming in direct contact with the facial nerve and brainstem. In addition, less fat is required to occlude the mastoid cavity. The operative technique is described and illustrated. We also report the results of our preliminary experience using this technique in a small cohort of patients.
Operative Technique
A standard translabyrinthine approach is performed to remove the acoustic neuroma. The presigmoid dura is incised in a T-shaped fashion that extends directly over the IAC (Figs. 1A and 2A) . After removal of the tumor, the cerebellopontine angle structures including the facial nerve, brainstem, and cerebellum are visualized within the dural defect (Figs. 1B and 2B ). Due to retraction and shrinkage of the dural edges, primary dural approximation is not possible. A dural sling is created by suturing a piece of autologous fascial graft (either abdominal fascia or fascia lata from the thigh) to the edges of the dural defect using interrupted 4-0 Nurolon (Ethicon) sutures (Figs. 1C and 2C) . A redundant portion of the fascial graft is carefully placed over the contents of the IAC as an onlay because this area cannot be directly sutured. A monolayer of Surgicel (Ethicon) is then placed over the suture line. The aditus ad antrum is occluded with a small muscle graft followed by hydroxyapatite cement (HydroSet, Stryker) to prevent any fistulous communication into the middle ear. Any visible mastoid air cells are occluded with bone wax or cement. Once the fascial sling is secured in place, an initial autologous fat graft is placed on top of the dural sling within the deeper aspect of the mastoid cavity (deep to the level of the fallopian canal; Fig.  2D ). This initial fat layer is used to occlude any areas of CSF egress, and care is taken not to overpack the defect so as to avoid compression of the facial nerve. Continuous facial nerve monitoring is used during the reconstruction to detect any nerve irritation. Fibrin glue is placed over this initial fat graft followed by another layer of Surgicel (Fig. 2E) .
The remaining superficial mastoid cavity is filled with another layer of autologous fat graft (Figs. 1D and 2F) . Care is taken to avoid compression of the sigmoid sinus, as this can sometimes result in venous outflow obstruction and possible venous hypertension. 15 The fat graft is then bolstered by a titanium mesh plate embedded in porous polyethylene (Medpor Titan implant, Stryker). The plate is secured to the edges of the bony mastoid defect with titanium screws. Meticulous multilayered wound closure is then performed. We do not use routine postoperative lumbar drainage after translabyrinthine approaches to avoid complications of intracranial hypotension.
Results
Eight patients (5 male and 3 female, mean age 55.6 years) underwent translabyrinthine removal of acoustic neuroma followed by subsequent autologous fascial dural sling reconstruction. Fifty percent of the tumors were left-sided and the remaining 50% were right-sided. One patient also had concomitant neurofibromatosis Type II. In 50% of the patients, abdominal fascia was used as the dural sling, and in the remaining cases, fascia lata was used. The mean follow-up period was 13.8 months (range 6-22 months).
Patients were evaluated for the presence of postoperative CSF leakage (incisional leak, rhinorrhea, and otorrhea). There were no postoperative CSF leaks (0%) after fascial sling reconstruction. We compared these results to our own historical control group (n = 5, 1 male and 4 females, mean age 49.6 years) in which a dural substitute (DuraGen [Integra LifeSciences] or Dura Matrix [Stryker]) was used as the sling material, instead of autologous tissue. Mean follow-up in these patients was 35.8 months (range 30-45 months). In this control group, 1 (20%) of the 5 patients presented with a postoperative CSF leak (incisional leak), which was subsequently repaired and required lumbar drain placement.
Discussion
Cerebrospinal fluid leakage remains a common complication following removal of acoustic neuromas via the translabyrinthine approach. The presigmoid dural defect created during the surgery often cannot be primarily reapproximated in a watertight fashion. Exposure of the temporal bone air cells and aditus ad antrum provides multiple potential pathways for CSF fistula formation, thus providing a route for resultant infection and meningitis. Because of the morbidity and mortality associated with these postoperative complications, an effort must be made to prevent CSF leakage. The presentation of CSF leaks may range from incisional, otorrhea (CSF leakage through the tympanic membrane), and rhinorrhea (CSF leakage through the eustachian tube and nasopharynx). 12, 30 Following the transmastoid transtemporal petrosectomy required for the translabyrinthine approach, the mastoid antrum and mastoid air cells become exposed, enabling CSF to leak through if the air cells are not properly sealed. 30 Dural opening into the posterior cranial fossa provides direct communication between the subarachnoid space and the mastoid cells. The CSF can then enter the middle ear via the aditus ad antrum, sinus tympani cells, facial recess cells, or retrofacial air cells. 12 Cerebrospinal fluid can also reach the temporal bone through apical air cells, which are located above and below the IAC. Therefore, it is critical to obliterate the mastoid antrum and remaining mastoid air cells, in addition to achieving a watertight dural closure to prevent fistulous pathways for CSF leakage. Meticulous multilayer soft-tissue closure of the wound followed by placement of a compressive mastoid pressure dressing is also important for preventing pseudomeningocele formation and incisional CSF leakage.
One common technique that has been used to reduce the occurrence of CSF fistula formation and leakage is packing or plugging the dural defect and mastoid cavity with an autologous fat graft. However, fat packing may pose a potential danger if overpacking results in mass effect on the brainstem, cerebellum, and/or cranial nerves. In addition, although rare, autologous fat grafting may result in complications including lipoid meningitis, subarachnoid fat embolism, fat liquefaction, and fat necrosis. [23] [24] [25] 28 In this report, we describe a novel reconstructive technique in which a dural sling is created at the base of the mastoid defect, in which the fat graft is suspended (Fig. 3) . The sling serves several purposes. First, the fascial graft provides coverage of the presigmoid dural defect, thereby converting a large dural defect with a "highflow" CSF leak state to a "low-flow" or minimal CSF leak state. Second, the fascial sling allows suspension of the fat graft to avoid overpacking of fat, which can run the risk of direct compression on the facial nerve or brainstem. The sling also minimizes the volume of fat packing needed to prevent CSF egress through the dural repair. Although synthetic graft materials (dural substitute) can be used for the sling, we believe that autologous fascial tissue is a better source for dural reconstruction and postoperative healing than dural allografts. In our report, the autologous fascia group had a lower rate of CSF leak than the dural substitute group (0% vs 20%, respectively). The senior author has had experience with 2 prior cases (unpublished) of midline suboccipital craniectomies in which the dural substitute disintegrated or dissolved upon reexploration for pseudomeningocele repair. Although our experience with the fascial sling technique is limited, our preliminary results in 8 patients suggest that it is a safe and effective method for dural reconstruction of presigmoid dural defects following translabyrinthine resection of acoustic neuromas. Furthermore, additional postoperative lumbar drainage to divert CSF pressure away from the repair site does not appear to be necessary. Therefore, patients can avoid potential risks related to lumbar drainage including intracranial hypotension, CSF infection from an indwelling catheter, and thromboembolic complications from lack of mobilization. Patients who do not require lumbar drainage tend to ambulate sooner with a faster recovery and shorter hospital stays.
Successful prevention of CSF leak after translabyrinthine removal of acoustic neuromas depends significantly on careful and meticulous attention to surgical technique at every step of the closure. These steps include suturing the dural sling, sealing off the aditus ad antrum and mastoid air cells, applying tissue sealant for reinforcement, fat packing of the mastoid cavity, performing a cranioplasty of the mastoid defect to apply pressure on the fat graft, and precise multilayered wound closure.
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Conclusions
The dural sling reconstruction technique using autologous fascia can be safely and successfully used to reconstruct presigmoid dural defects after translabyrinthine resection of acoustic neuromas. Additional studies in a larger cohort of patients are warranted to ascertain whether this technique results in significantly lower rates of postoperative CSF leakage than other traditional dural reconstruction techniques. A left-sided translabyrinthine approach was performed followed by fascial sling reconstruction. D-F: Axial T1-weighted images with Gd administration (D) and fat suppression (E), and a T2-weighted image (F) demonstrate complete tumor removal with excellent decompression of brainstem. The fascial sling (arrow) allows suspension of the fat graft within the mastoid cavity. Note that the fat graft is not in any direct contact with or compression against the facial nerve, brainstem, and cerebellum. This technique also minimizes the volume of fat required for reconstruction. * deep fat layer; ** superficial fat layer.
